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POLYSTYRENE  LATEX  AEROSOL:  NOT  NECESSARILY  MONODISPERSED 


1 .  INTRODUCTION 


The  use  of  Polystyrene  Latex  (PSL)  as  a  highly  monodis- 
persed  aerosol  has  become  a  common  practice  in  aerosol  technology. 
These  pre-sized  particles,  in  dilute  suspensions,  are  atomized  and 
then  dried  for  use  in  the  testing  and  calibration  of  optical,  elec¬ 
trical,  and  inertial  aerosol  measuring  equipment.  Since  the  PSL 
spheres  are  sized  by  the  manufacturer  and  their  containers  labeled 
with  both  the  diameter  and  standard  deviation,  the  aerosols  pro¬ 
duced  are  usually  considered  to  be  monodispersed .  This  is  not 
always  true,  since  a  number  of  factors  may  cause  the  atomized 
aerosol  to  deviate  from  labeled  size.  PSL  spheres  are  produced  by 
a  controlled  emulsion  polymerization  process.  The  spheres  are  then 
sized  by  electron  microscopy  and  sold  in  water  suspensions  of 
10  percent  solids.  To  prevent  agglomeration  of  the  spheres  in  the 
solution,  an  anionic  surfactant  is  added.  Seragen  Diagnostics, 
formerly  Dow  Diagnostics,  produces  PSL  particles  and  reports  a  high 
degree  of  accuracy  in  the  measurement  of  their  size. 

This  paper  briefly  examines  the  previous  literature  on  PSL 
aerosol  and  describes  a  series  of  tests  performed  with  a  commercial 
electrostatic  classifier.  Problems  encountered  with  the  aerosol 
size  and  their  resolution  are  presented.  It  is  shown  that  care 
must  be  exercised  to  provide  a  monodispersed  aerosol. 


2.  BACKGROUND 


Previous  authors  have  reported  the  existence  of  problems 
when  using  PSL  aerosols.  An  excellent  study  of  inherent  problems 

.  .  1  2 
with  atomizing  PSL  suspensions  is  presented  by  Fuchs,  Hinds,  and 

Raabe."^  Despite  these  and  other  published  warnings,  it  is  fre¬ 
quently  inferred  that  the  package  labeling  of  the  suspensions, 
which  lists  mean  diameter  and  standard  deviation,  applies  to  the 
atomized  aerosol  as  well  as  to  the  PSL  aerosols.  These  label 
measurements  are  actual  measurements  of  the  PSL  spheres,  not  of  an 
aerosol . 


The  sizing  technique  employed  by  the  manufacturer,  elec¬ 
tron  microscopy,  does  not  always  agree  with  similar  measurements 
performed  by  other  investigators.  Measurements  made  with  low- 

intensity  electron  beams  by  Porstendorfer  and  Heyder^  showed  sizes 
as  much  as  21  percent  different  than  those  of  the  manufacturer. 

The  difference  could  result  from  swelling  of  PSL  in  the  electron 
microscope  beam;  this  is  indicated  since  the  measurements  referred 
to  were  generally  less  than  those  reported  by  the  manufacturer 
(beam  intensity  not  given).  Also  observed  was  the  evaporation  of 
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PSL  particles  in  the  higher  energy  electron  beams.  This  could  lead 
to  condensation  on  the  other  particles  not  directly  in  the  beam, 
causing  an  apparent  increase  in  their  size.  Accurate  measurement 
of  the  size  of  PSL  spheres  requires  careful  examination  with  low- 
intensity  electron  beams,  a  tedious  job  and  one  that  is  usually 
neglected.  The  investigator,  instead,  relies  on  the  accuracy  of 
Seragen/Dow  measurements. 

The  atomization  process  itself  can  produce  particles  of 
various  sizes.  If  the  dilution  of  the  suspension  is  insufficient, 
a  substantial  number  of  droplets  containing  more  than  one  sphere 
may  be  produced.  When  these  multiplets  are  dried,  the  spheres 
agglomerate,  producing  aggregates  of  several  spheres.  For  electron 
microscope  measurements,  this  is  not  a  problem  since  the  aggregates 
are  distinguishable.  When  light  scattering,  inertial,  or  elec¬ 
trical  mobility  measurement  devices  are  used,  these  aggregates  can 
completely  alter  t:he  measurements,  especially  if  the  aerosol  is 

2 

assumed  to  be  monodispersed .  Hinds  gives  the  following  formula 
for  calculating  the  number  of  spheres  per  droplet: 

x  •  Fv  <vy3 

where  Fv  is  the  volume  fraction  of  spheres  of  diameter  dp  and  da  is 

the  diameter  of  the  droplet.  The  probability  of  n  spheres  occurr¬ 
ing  in  the  droplet  is  given  by: 

P  *  Xn/n!e-X. 

From  these  idealized  equations,  one  can  estimate  the  per¬ 
centage  of  agglomerates  of  given  size.  The  dilution  of  the  suspen¬ 
sion,  Fy,  will  determine  the  percentage  of  drops  containing  a  given 

number  of  PSL  spheres.  While  a  greater  dilution  ratio  will  lead  to 
fewer  agglomerates,  it  will  also  result  in  a  larger  percentage  of 
empties,  droplets  with  no  PSL  spheres. 

The  empties  themselves  may  result  in  particles  of  differ¬ 
ing  size.  This  is  caused  by  the  anionic  surfactant  present  in  the 
suspension.  After  these  droplets  are  dried,  the  surfactant  residue 
remains  as  an  aerosol  particle.  If  electron  microscopy  is  used  to 
size  the  particles,  these  empties  present  no  problem,  being  clearly 
distinguishable  from  PSL  spheres.  Once  again,  optical  or  electri¬ 
cal  mobility  measurements  may  distort  the  results.  While  the  resi¬ 
due  particles  are  generally  very  small,  they  can  be  present  in  large 
concentrations.  Many  investigators  have  ignored  the  presence  of 
these  residue  particles  because  of  their  small  size,  but  for  PSL 
spheres  of  less  than  1.0  micron,  the  residue  and  PSL  may  be  of 
similar  size.  In  this  case,  neither  optical  nor  electrical 
mobility  measurements  will  be  able  to  distinguish  PSL  spheres  from 
the  residue. 


Another  factor  in  determining  the  size  of  the  particles 
after  atomization  is  the  drying  of  the  droplets.  If  they  are  not 
completely  dried,  the  remaining  liquid  increases  the  size  of  the 
PSL  aerosol.  The  majority  of  investigators  assume  that  the  drop¬ 
lets  are  dried  completely,  leaving  only  the  PSL  spheres  and  residue 
particles.  This  assumption  is  clearly  open  to  question;  however, 
there  is  no  easy  way  to  verify  the  dryness  of  the  spheres.  Capture 
of  particles  and  examination  by  electron  microscopy  may  result  in 
evaporation  of  the  liquid,  thus  providing  erroneous  results  that 
indicate  dry  spheres.  Only  great  care  in  drying  can  assure  that 
the  PSL  spheres  are  indeed  dried. 


3.  MEASUREMENTS  AND  DISCUSSION 


A  TSI  Model  3071  Electrostatic  Classifier  (EC)  was  tested 
with  PSL  aerosols.  Several  sizes  of  PSL  spheres,  0.085,  0.312,  and 
0.497  micron,  were  obtained  for  testing.  It  was  assumed  that  these 
three  sizes  would  provide  sufficient  check  on  the  operation  of  the 
EC.  Since  the  TSI  Model  3071  has  a  reputation  for  product  quality, 
it  was  originally  thought  that  this  test  would  be  straightforward 
and  serve  as  a  useful  introduction  to  the  EC.  This  did  not  prove 
to  be  the  case. 

The  experimental  apparatus  used  was  a  TSI  Differential 
Mobility  Particle  Sizer  (DMPS),  which  consists  of  the  TSI  Model 
3071  Electrostatic  Classifier,  TSI  Model  3020  Condensation  Nucleus 
Counter,  and  the  Apple  lie  Computer.  The  microcomputer  is  used  to 
control  the  operation  of  the  DMPS,  record  the  count  from  the 
Condensation  Nucleus  Counter,  and  reduce  the  data. 

Polystyrene  latex  aerosols  were  atomized  with  a  TSI  Model 
3046  Tri-Jet  Aerosol  Generator  that  was  specifically  designed  for 
atomization  of  suspensions  such  as  PSL.  By  having  three  atomizer 
systems  with  a  common  output,  the  Tri-Jet  can  be  used  to  generate 
three  different  size  ranges,  or  three  different  compositions  of 
aerosols,  individually  or  simultaneously. 

Polyd ispersed  aerosol  from  the  generator  enters  the  EC 
through  an  impactor.  The  impactor  is  used  to  minimize  interference 
from  multiply  charged  particles  outside  the  mobility  channel  of  the 
DMPS.  A  significant  fraction  of  aerosol  particles  outside  of  the 
cut  size  of  0.808  micron  are  removed  while  particles  within  the 
measuring  range  of  the  DMPS  follow  the  flow.  Flow  rates  must  be 
set  carefully  to  ensure  that  turbulent  flow  is  avoided.  Proper 
operation  of  the  EC  requires  that  a  laminar  sheath  of  clean  air  be 
formed  around  the  aerosol  flow,  which  will  then  be  laminar  as  well. 

The  monodispersed  aerosol  leaving  the  EC  is  directed  into 
the  Condensation  Nucleus  Counter  (CNC)  to  measure  the  number  con¬ 
centration  of  aerosol  particles.  This  is  achieved  by  passing  each 
particle  through  a  saturated  butyl  alcohol  vapor  that  condenses, 
causing  droplets  to  grow  to  approximately  12  microns  in  diameter. 


The  theory  and  operation  of  the  EC  have  been  thoroughly 

treated  by  Knutson  and  Whitby^  and  Hoppel.^  Of  special  interest  to 
this  work  was  the  statement  by  Knutson  and  Whitby  of  a  PSL  dilution 
ratio  of  2000:1,  a  factor  of  20  times  that  which  had  been  used 
initially  in  our  work.  This  was  the  first  indication  that  a  prob¬ 
lem  might  exist  in  the  atomization  of  the  aerosol.  Having  examined 
the  previous  experimental  verification  by  these  authors,  it  was 
felt  that  the  equipment  was  performing  properly,  and  that  the 
results  were  due  to  the  size  of  the  aerosol. 

For  the  next  test,  sizes  of  0.109,  0.312,  and  0.220  micron 
of  PSL  were  obtained.  Dilutions  of  one  drop  per  500  milliters  to 
one  drop  per  1000  milliters  of  distilled  water  were  used.  Despite 
these  steps,  a  wide  range  of  particle  sizes  was  observed.  While 
the  smaller  sizes  were  anticipated  as  being  the  result  of  surfac¬ 
tant  residue,  the  larger  particles  were  still  present  in  numbers 
too  large  to  be  ignored,  as  shown  in  Figure  2.  In  order  to  deter¬ 
mine  the  background  aerosols  present  in  the  distilled  water,  data 
was  taken  with  water  only,  no  PSL,  in  the  atomizer.  Figure  3  shows 
the  wide  range  of  particle  sizes  found  from  the  particulates 
present  in  the  water.  A  second  source  of  distilled  water  was 
obtained  and  used,  in  the  atomizer?  the  results  are  shown  in 
Figure  4.  The  first  source  was  a  laboratory  still,  and  the  other 
water  was  commercially  distilled.  From  these  results  it  was 
decided  to  repeat  the  PSL  experiments  using  the  commercially  dis¬ 
tilled  water,  since  the  laboratory  water  was  found  to  consistently 
contain  a  significantly  greater  amount  of  impurities. 

Figures  5,  6,  and  7  show  the  size  distributions  for  the 
0.109-,  0.220-,  and  0.312-micron  PSL  aerosol,  respectively.  Before 
these  measurements  were  made,  the  dessicant  in  the  diffusion  dryer 
was  checked  each  time  to  ensure  that  it  was  not  already  moisture 
laden.  It  should  be  noted  that  the  computer  software  does  not 
necessarily  match  the  measured  diameters  with  the  values  given  on 
the  PSL  samples.  For  the  0.312-micron  PSL,  the  software  actually 
skipped  the  PSL  size,  and  the  EC  voltage  had  to  be  hand-tuned  in 
order  to  find  the  PSL  peak.  The  graphs  show  that  the  PSL  size  does 
not  correspond  to  the  peak  size  found  by  the  EC  for  each  sample. 

The  graphs  also  show  the  continued  existence  of  the  residue  aero¬ 
sols  and  some  larger  particles,  which  may  themselves  be  larger 
residue  particles  or  aggregates  formed  from  the  presence  of  more 
than  one  PSL  sphere  in  a  drop. 

As  a  final  check,  a  sample  of  the  0.085-micron  PSL  was 
used  again.  The  dilution  ratio  was  one  drop  to  500  milliters;  the 
diffusion  dryer  dessicant  was  fresh;  and  the  distilled  water  was 
from  the  same  source  used  above.  As  is  shown  in  Figure  8,  the  PSL 
aerosol  was  well  defined  among  the  background  of  residue  particles 
and  aggregates.  Since  this  sample  was  not  placed  in  an  ultrasonic 
mixer,  the  original  assumption  of  PSL  agglomeration  on  the  shelf  is 
false.  The  problems  with  the  initial  data  sets  were  those  enumer¬ 
ated  above:  dilution  ratio,  drying,  residue  aerosol,  and  the 
purity  of  the  distilled  water. 
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Figure  5.  The  0.109-Micron  PSL 
in  Commercially  Dis¬ 
tilled  Water 
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Figure  6.  The  0.220-Micron  PSL 
in  Commercially  Dis¬ 
tilled  Water 
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Figure  7.  The  0.312-Micron  PSL 
in  Commercially  Dis¬ 
tilled  Water 
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Figure  8.  The  0.085-Micron  PSL 
in  Commercially  Dis¬ 
tilled  Water 


4.  CONCLUSIONS 


Several  potential  problems  exist  in  the  use  of  PSL  as  a 
monodispersed  aerosol.  If  the  measurement  of  size  by  the  manufac¬ 
turer  is  correct,  the  problems  arise  primarily  from  the  atomization 
process.  The  existence  of  a  considerable  number  of  particles  of 
sizes  different  than  those  of  the  actual  PSL  spheres  means  that  the 
atomized  aerosol  is  not  truly  monodispersed.  This  is  an  important 
factor  if  the  PSL  is  being  used  to  calibrate  an  optical  particle¬ 
sizing  device.  For  any  use,  the  spread  of  particle  sizes  must  be 
recognized,  and  potential  problems  have  to  be  assessed  on  a  case- 
to-case  basis. 
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